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higher order codependence is found, however, among European countries, France, Italy and the UK.
With regard to the long-run comovements among interest rates that were previously reported in the literature, we confirm the finding that cointegration is found only in the minority of the cases (Romero-Avila (2007); Zhou (2003) ; Bremnes et al. (2001) ) and in special circumstances (Poghosyan and de Haan (2007) ). Concerning comovements in the short-run, our results suggest that more positive evidence reported in Kugler and Neusser (1993) cannot be generalized for all interest rates, time periods, and reasonable alternative estimation procedures. 5
The paper is organized as follows: The next section presents the data description and preliminary analysis, namely unit root tests and the definition of the autoregressive process of the interest rates. Section three discusses comovements in interest rates. After a brief presentation of the applied methodology, we then present results of the cointegration, serial correlation common feature and codependence tests for nominal and real interest rates. In order to augment the possibility of finding at least common if not synchronized cycles we use two different methodologies for the latter common feature. The last section contains some concluding remarks.
Data and Descriptive Statistics 2.1 Description of the data
Our analysis is conducted with nominal and ex post real interest rates for the G7-countries: Canada, France, Germany, Italy, Japan, the United Kingdom and the United States. We use money market rates and 10-year government bond yields. In addition, we run the same investigation with Euro-Market rates of the seven countries. Our sample period covers quarterly data of the post Bretton-Woods-era, i.e. from 1975:1 to 2007:1.
For the analysis of real interest rates, ex post rates are constructed with the logged first differences of the respective consumer price index.
Data on money market rates, government bond yields and consumer prices are extracted from the International Financial Statistics Database of the International Monetary Fund. In order to complement unavailable data on French interest rates, missing data are taken from the statistics of the Banque de France.
The Euro-Market rates are provided by Global Insight (see table A.1 in the appendix for a detailed data description).
Graphs of the nominal interest rates are displayed in figure 1 in the appendix. 5 Kugler and Neusser (1993) use a codependence test that is based on a MA-representation of real Euro-currency rates from 1980 to 1991. Confining our analysis to the same sample period and interest rate, we indeed also find some more evidence of stationarity and common lag structures. Interest rates are mostly AR(1) processes in this time period. Although the null of a common feature cannot be rejected in 5 out of 6 cases, the coefficient in the cofeature relationship is insignificant in all but one case (real Euro-Market rates of France and Italy). For all other interest rates, as well as for longer sample periods, we cannot confirm this partial evidence for common features. 
Preliminary Analysis
We start our empirical analysis by defining the lag structure of each time series and by performing unit root tests.
Process We first estimate different AR representations of the process of each variable using the following regression equation:
with x t = the interest rate at time t, p = lag parameter and t = an error term. We then select a parsimonious lag structure 6 by identifying the minimum lag length that is needed to remove all autocorrelation from the residuals, i.e. all Q-statistics are insignificant.
In addition, we perform the same analysis with the first differences of the interest rates ∆x t . The lag structures of the nominal and real interest rates and their first differences are shown in table 1.
The lag structures of the nominal interest rates typically vary from AR(1) to AR(6). 7 Similarly, the real interest rates have lag structures from AR(1) to AR(8). The majority of the nominal interest rates are found to have an AR(2) representation, whereas the lag structure of the real interest rates is more uniformly distributed between the different possibilities in the range mentioned above.
The diversity of lag structures across countries and interest rates is interesting in the context of the main aim of the paper, that is to identify common trends and common cycles among interest rates. While section three will formally investigate whether the autoregressive components of interest rate time series ("cycles") are common across countries, the diversity of lag structures in interest rates already tells us, that an important precondition for finding common cycles (or common serial correlation patterns) is not met in many countries. Not being able to establish a common lag structure in many cases, makes it very unlikely to find strong evidence in favor of a common serial correlation feature in the following exercises.
Stationarity As a second preliminary exercise, we test for possible unit roots, using the Augmented-
where ∆ is the first difference operator and t a time trend. 9 6 In order to generate the best condition for finding serial correlation common features or codependence we choose the most parsimonious model. However, using the AIC or SIC criterion to choose the lag length does not change the results qualitatively. 7 There is an exceptionally high lag length of 12 for the money market rate in Germany. 8 In a first round we allow for an intercept and a time trend, and if the time trend is insignificant, we conduct the ADF-test in a second round only with an intercept. 9 The lag parameter p is determined by the Akaike information criterion (AIC). Using the Schwarz criterion (SIC) gives in some cases different results. However, the qualitative interpretation of the analysis is robust to the selected lag length. The subsequent tests for comovements will be applied to all interest rates that are I(0) (respectively I(1)) indicated by either one of the two criteria. A comparison of the results of the ADF-test with either AIC or SIC is available in the unpublished appendix. reported. The specification with the smallest number of AR terms is selected, under the constraint that the residual is free of autocorrelation (i.e. the Q-statistics are insignificant).
The t-statistic of the ADF-test is compared with the finite sample critical values from Cheung and Lai (1995) . 10 We apply the ADF-test to the levels and to their first differences. Results of the ADF-test are shown in For the real interest rates the picture is quite different. The money market rates of Canada and the USA as well as the government bond yields of Germany, Italy and the USA are stationary. This amounts to about 25% of all time series under investigation. For the remaining interest rates we cannot reject the null of non 10 The main conclusions remain the same whether we use the critical values of MacKinnon (1996) or the finite sample critical values of Cheung and Lai (1995) . 11 About a third of the series are trendstationary. For the purpose of our paper, we treat these interest rates as non-stationary and do not further distinguish between deterministic and stochastic trends. stationarity.
Again, the mixed pattern found on stationarity suggests that strong evidence on either common trends or common cycles is unlikely to be found in this data set.
Comovements in Interest Rates
In recent years a number of new tests to detect comovements in time series have been developed (see Urga A necessary element in the analysis is that the "feature" (I(1), AR(p), and so on) needs to exist in both time series under investigation. The large diversity of AR(p) processes and I(1)/I(0) processes in interest rate data documented above yields only a limited number of country pairs where the common features of interest -common trends and common cycles -can be tested.
We divide the following analysis into two parts: with the interest rates that are found to have a unit root we conduct cointegration tests and with the stationary interest rates we pursue serial correlation common feature and, if applicable, codependence tests.
Common Stochastic Trends
To test for cointegration we adopt the Johansen (1988, 1991) maximum likelihood approach, allowing for an intercept in the cointegrating equations. We assume that the time series that we analyze for cointegration follow a vector autoregressive process of order p:
where X t is a n × 1 vector of different interest rates (with n = number of interest rates included in the VAR), µ is an intercept vector and t is a vector of error terms.
In order to generate the test statistic of the Johansen test, namely the trace or the maximum eigenvalue statistic 12 , we require the canonical correlations between the least squares residuals of the two subsequent regressions:
i.e. between the matrices 1t and 2t . For the lag parameter p we choose the largest lag structure of the process of the first differenced terms of the relevant interest rates (see table 1 ).
The maximum eigenvalue statistic tests the null hypothesis of r cointegrating vectors against the alternative hypothesis that there are r + 1 cointegrating vectors:
The number of cointegration relations r is restricted to 0 ≤ r ≤ n with n being the number of variables. 12 In the subsequent discussion of the results of the cointegration tests only the maximum eigenvalue statistic will be used. The trace statistic tests the null hypothesis that there are r or fewer cointegrating vectors:
where λ k are the squared canonical correlations calculated in the former step of the analysis. The trace statistic gives slightly different interpretations in some cases. However, a pattern that one of the two statistics is more favorable to cointegration cannot be detected. Comparison tables with both test statistics (trace and maximum eigenvalue) are available upon request.
n − r assigns the number of independent stochastic trends pushing the long-run dynamics.
The test statistic is compared with the critical values of Osterwald-Lenum (1992) for the 5% and 1% levels that are corrected with the scaling factor of Cheung and Lai (1993) to control for a possible finite-sample bias.
We perform tests with all available pairs of interest rates. This yields up to 7 2 = 21 possible cointegration relations (as we have seven different countries) among each type of interest rates.
Nominal Interest Rates
We start our analysis with the nominal money market rates, nominal government bond yields and nominal Euro-Market rates.
Among the nominal interest rates we do not find any stationary time series, so that we can conduct the cointegration analysis with all of the nominal interest rates. The results of theses tests are shown in table 3.
The evidence shows that less than the half of the pairs of nominal interest rates are cointegrated: The null hypothesis of no cointegration is rejected at the 1% level for the money market rate of Italy with the French, and the US money market rates, as well as for the British-French, the British-German and the British-Japanese pairs. Furthermore, the money market rates of France and Japan; France and the USA;
and Japan and Italy reject the null hypothesis of no cointegration at the 5% level of significance.
Much less cointegration relation is revealed between the government bond yields of the different countries.
Only for the Canadian-German, the Franco-American and the Italian-German pairs of bonds the null of no cointegration can be rejected at the 5% level of significance. Overall, bivariate cointegration is found for 38.1% (14.3%) of the nominal money market rates (government bond yields).
Running the Johansen test with the nominal Euro-Market rates yields only one cointegrated pair of interest rates: The Euro-Market rates of France and the USA reject the null of no cointegration at the 1% level of significance.
Real Interest Rates One possible distortion to comovements among interest rates are differing inflation rates. Therefore, we conduct the same analysis also for real interest rates. 13 However, we find that the results are overall very similar.
We reject the null of no cointegration at the 1% level of significance and find cointegration between the real money market rates of Germany and Italy; Germany and Japan; Japan and the UK; and Japan and the USA. 14 Furthermore, the Franco-German, and the Franco-Italian pairs of real money market rates reject the null hypothesis of no cointegration at the 5% level.
Among the real government bond yields we detect five more pairs that are cointegrated (rejection at the 1% level of significance): the Canadian-Japanese, the Canadian-UK, the Franco-German, the Franco- 13 For the cointegration test of the real interest rates we exclude those interest rates that are found to be unambiguously stationary, namely the money market rate of Canada, and the government bond yields of Italy and the USA. Note that the decision for or against non-stationarity sometimes varies depending on the selected lag length. 14 The results of the Johansen test for real interest rates are shown in the unpublished web appendix. bond yields in a significant way. Among the real Euro-Market rates there is no evidence for cointegration.
Common Cycles
Serial Correlation Common Feature As a generalization of the cointegration test, Engle and Kozicki (1993) have developed the test for common features. If a feature (such as the I(1)-property, AR(p)-structure, seasonality, etc.) is common to two times series, there should exist a linear combination that does not have this feature.
In this section, we focus on the common serial correlation feature (SCCF). While the previous section focused on lon-run comovement, the analysis of a common autoregressive structure of time series is often interpreted as cyclical comovement (Cheung and Westermann (2002) ). It is important to point out, that not both tests can be meaningfully applied to the same time series, as one requires stationarity, and the other non-stationarity. In this section we therefore only continue with interest rates that were identified as I(0)-series in table 2. 15 Furthermore, a "common feature" among time series can only exist, when the feature (i.e. the AR(p)structure) is identical in both time series. As reported in table 1, this is rarely the case, however, and, as pointed out in section 2.2, this substantially limits the degree of common cycles that we anticipate to find in the data.
For those pairs of interest rates that are stationary and follow the same stochastic process we estimate the equation
with two-stage-least-squares, including as instruments all lagged variables of x and y, i.e. x t−k and y t−k for k = 1, ..., p.
(1, β) is the normalized common feature vector.
In a second step, we test whether the estimated residualˆ t of the former estimation is still driven by the same stochastic process as x t and y t . Therefore, we estimate the following equation by OLS:
Next, we test the null hypothesis that all lagged variables of x t and y t do not explain jointly the endogenous variableˆ t , i.e. δ k = γ k = 0 for k = 1, ..., p. If the lagged variables do not explain the movement of the estimated residual, the common AR(p)-pattern of the interest rates x t and y t is removed. The null hypothesis is tested with the F-statistic:
15 It is also possible to conduct the serial correlation common feature test in the 1st differences of the non-stationary interest rates. However, as it is difficult to attribute an economic interpretation to the change in interest rates, we focus on the levels of interest rates in this paper only.
where T denotes the number of observations and k refers to the number of restrictions, i.e. the number of exogenous variables including the constant. R 2 is the R-squared of regression 2. The null hypothesis of a common feature will be rejected, if the value of the calculated F-statistic is larger than the tabulated critical value of the F-distribution. 16
For the nominal interest rates we cannot perform the analysis of testing for serial correlation common features as we do not have a single pair of stationary interest rates. 17 Thus, none of the potentially 63 pairs of nominal interest rates shares a serial correlation common feature.
Among the real interest rates there exist several pairs of interest rates that meet the requirements of being stationary and following the same AR process. 18 The results of the serial correlation common feature test are displayed in table 4 (panel A).
In our sample, 10 of the 21 real interest rates fulfill the condition of being stationary. Among these 10 time series we identify 2 pairs of interest rates of the same type that follow the same autoregressive process:
the real government bond yields of Canada and the USA (AR(2)); and of France and Italy (AR(5)). For both pairs of real interest rates we reject the null hypothesis of a common feature at the 1% significance level. Thus, none of the 63 pairs of real interest rates share a common serial correlation feature.
As a robustness test, we also conduct the analysis in a shorter sample, ending in 1998:4. The aim is to control for possible influences of the change in the institutional environment that resulted from the introduction of the ECB.
In comparison to the initial sample, we find three more pairs to test for serial correlation common feature:
real government bond yields of France, Italy and the UK (all AR(5)-processes) form the first three couples and the real Euro-Market rates from Canada and France (AR(1)), and from Italy and the UK (AR (2) Only few pairs of real interest rates are stationary and have the same autoregressive representation (indicated in the second column). The third column contains the coefficient of the common feature vector. The following columns report the F-statistics for the common feature test (= codependence of order 0) and the codependence tests. *, ** and *** indicate the rejection of the null hypothesis with a significance of 10%, 5% and 1%. response to a shock, but a common response after some lags. 19 We test for codependence estimating the same equations as for the SCCF: 1. TSLS (equation 1) and 2.
OLS of the residual (equation 2).
Then, we compute a Wald-Test, testing whether all but the first lagged terms of both interest rates do not explain jointly the estimated residualˆ t . The null hypotheses are: H 0 for codependence of order 1: δ k = γ k = 0 for k = 2, ..., p; H 0 for codependence of order 2: δ k = γ k = 0 for k = 3, ..., p and so forth. Again, H 0 will be rejected, if the value of the calculated F-statistic is larger than the tabulated critical value.
We test for codependence of order one for the real government bond yields of Canada and the USA and for codependence up to order four for the real government bond yields of France and Italy (see table 4 (panel A) for the results). All test statistics are highly significant, thus a codependence relationship does not exist 19 Thus, codependence of order 0 is actually a serial correlation common feature. among the country pairs.
As before, we pursue the codependence tests for the shortened sample (see table 4 (panel B)). In this specification, very weak evidence is found in favor of codependence. The result lends support to the view that the real government bond yields of France and Italy are codependant of order two and order three and that the real government bond yields of France and the UK show third order codependence. However, codependence of order four is not found in both cases, which suggests that there is little correlation left after the third lag in either time series.
To sum up, reliable evidence for a comovement in the transitory components of the interest rates cannot be found. As the evidence for serial correlation common feature is really poor among all types of interest rates, we finally ignore for a moment the condition that the time series have to follow the same process of autocorrelation and conduct the test for serial correlation common feature with all interest rates of the same type that are I(0). The results are displayed in table A.2 in the appendix. This relaxation leaves us with three pairs of real money market rates and 15 pairs of real government bond yields to test for comovements in the short-run. For each test the respectively longer lag length is selected. All test statistics are highly significant (at the 1% level), meaning that no serial common feature exists among them. This result indicates that the poor evidence for serial correlation common feature is not due to a wrong lag length selection.
Codependence: GMM Estimation We finally consider a GMM estimation of the codependence relationship. Vahid and Engle (1997) and Cubadda (1999) both report that due to its relative efficiency, an optimal general method of moments (GMM) estimation is more appropriate for a codependence test than a TSLS estimation. 20 Thus, in a last attempt to detect evidence for cyclical comovement, we conduct the optimal GMM test proposed by Cubadda (1999) . Results of the GMM estimation of codependence relations are shown in table 5.
As in the previous section, we first test the two pairs of real government bond yields of Canada and the USA; and France and Italy, where common lag structures are given in the full sample (table 5 (panel A)).
In the former case the χ 2 -statistic is highly significant. In the latter case we find only weak evidence for codependence of order four, as the null hypothesis of codependence can only be rejected at the 10%-level.
In the shorter sample the evidence for some codependence strengthens a bit: For the real government bond yields of France and Italy we find the same weak evidence for codependence of order four; and for the real government bond yields of France and the UK; and Italy and the UK we find codependence of order three (the null hypothesis of codependence cannot be rejected at conventional levels) (see table 5 (panel B)).
Concerning the real Euro-Market rates we can still not find evidence for codependence. In the case of the 20 Schleicher (2007) proposes another alternative to the TSLS procedure claiming that likelihood ratio (LR) tests based on full information maximum likelihood (FIML) estimates have even higher power than the optimal GMM estimates when testing for codependence of order one. However, this applies above all if error correction terms are included, which is not given in our investigation. Italian-UK pair, the codependence vector of order one is insignificant, but the coefficient in the co-feature relationship is insignificant.
Overall, convincing evidence for cyclical comovement cannot be found. Some codependence of higher order can be detected in a few special cases. The strongest evidence of codependence exist among the EU countries, Italy, France and the UK.
Conclusions
The contribution of this paper is to analyze comovements in interest rates in a structured framework. For this purpose we performed the analysis with different interest rates in a post Bretton-Woods sample: we started with nominal interest rates (money market rates, government bond yields and Euro-Market rates) and continued with real interest rates.
Already the preliminary analysis of defining the lag structure and the stationarity of the interest rates gives rise to the suspicion that little evidence of comovement can be detected in our data set. We generally find only weak evidence for cointegration. Neither the abstraction of the country risk by looking at Euro-Market rates, nor the distinction between nominal and real rates is vital for finding comovements in the long run. The same conclusion also applies to cyclical comovement: using two different methodologies, the TSLS estimation proposed by Engle and Kozicki (1993) and a GMM estimation suggested by Cubadda (1999), we were not able to establish convincing evidence of either common synchronized cycles (SCCF) or common non-synchronized cycles (codependence). Very limited evidence of higher order codependence only exists among a few European countries.
The lesson to be drawn from our analysis is thus that we cannot assume common stochastic characteristics of interest rates, and we also cannot generalize the limited evidence of comovements, that is found in this paper, for all interest rates.
Further research could analyze whether the currency risk could explain the weak evidence for comovements among interest rates. 21 We tried to approach this aspect by performing the analysis for the three Eurozone-Countries: France, Germany and Italy, for the time after the introduction of the euro as common currency. 22 Although, we did not find common cycles in this attempt either, this finding might be due to the limited number of observations. Another promising field for future research could be to extend the test in the literature on the causality among interest rates. A deeper knowledge of the trend and cycle comovements may be useful for this purpose. Furthermore, an analysis of different tax regimes might help to explain the weak evidence of comovement. 23 Finally, it would be interesting to contrast the finding of the G7-countries to either emerging market rates, or the interest rates of large economies, with small neighboring countries, that pursue similar central bank policies. For each pair, the longer lag length of the two series is chosen for the common feature test (see table 1 ). The first row for each pair contains the lag length, the second row reports the coefficient of the common feature vector and the third row reports the F-statistic of the common feature test. *, ** and *** indicate rejection of the null hypothesis with a significance of 10%, 5% and 1%.
